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A eeriea of mo~elu of flyin&boat hulls vae te~ted in
NACA tank no. 1 to dete%mine the effects of the angle of
dead Pise and the angle of afterbody keel on resltitanoe
and spray character lstioe. 9!hree angles of dead rise, 149°,
19°, and. 23~”, and three angles of afterbody keel, 4°, 6~o,
and 8~0, were investigated. The tests included nine con-
figurations incorporating all possible coublnations of
these values. The reeults of the tests are expressed In
.non&imensio=al coefficient.

The effect of angle of dead rtse on re~istance and
best trim was negligible up to and including. the hump. At
higher speeds, the resistance was retiuced by the lower
dead rise and increased by the higher dend rise. Those
differences,

—
however$ were relatively small.

At small anCles of afterbody keel, the resietancb wan
“low at low speeds and high at pinning speoda. .lThe positive
trimming monie~ts wero reduced by reducing t~e angle. of aft-
erbody keel~ High angles of aftorbody keel ga~e a higher
best trim at the hump and at planing speeds.

The effects “of angle of afkerbody keel wero conetst-
ent at all angles of dead rise and tho offocts of dead
rise were consistent at all angles of afterbody keel..

. .
b app&d~x showing the method used for deriving

models of.tke. 1264 hnd .126C series from the basic mosel
“126%2 ie included. ‘ Working.”charte for the determination
of-resistance “and trimming moment for the model 126B-2

“ aro .81s0 given.” . . .“. .

. . .
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IKCRODUCiIOH

The purpose of the tests was to determine the effects
of angle of afterbody keel and angle of dedd rise on
reslstanoe -and epray oharaoteristtcs and to determ$ne
whether the effects of “varying either of these angles
are influenced by the value of the other angle~

The effects of the angle of afterbody keel and the
angle of dead rise have been investigated separately in
a number of earlier tests. The results of l%ACA investiga-
tions of the resistance effects of angle of afterbod~ keel
and anglo of dead rise have been reported in references 1
and 2, respeotlvely. The e~erimental towing tank of
Stevens Institute of Technology has conducted tests In
which the angle of afterbody keel and the angle of dead
ri’se were both investigated by the use of models developed
by modifying the same basic set of lines (reference 3).
The tests at Ste”vons Institute includtid both the resistance
and the stability characteristics of the models,

Three angles of afterbody keel and three agles of
dead risa were investigated in the present tests. The
basic model of tho series was considered typical of cur-
rent flying boats. !Che variations of angle of afterbody
keel included ono value greater and ono value smaller
than that of the basic model. Tho angles of dead rise also
iucluded ono valuo greater and one valuo smallsr than the
basic angle-of dead rise. Nino confi@ratione of the
model, roprosenting all possible combinations of these
variations, were teStedm The tests were conducted in 19ACA
tank no. 1 during February and July 1942.

s

DESCRIPTION OF MODELS

.

The lines of the modols are shown in figure 1 and the
“corresponding offsets aro given In table I. The basic
model of tho series, model 126B-2, was similar to a l/9-
sizo model of the hull of tho Navy XPB2Y-3 airplane except
that the aftorbody was raised.to increaso the depth of
step, tho form abovo the chines was simplified, and the
tall turret was omitted. Models 126A-2 and 126C-2 were
derived from this form by arbitrary changes in the angle
of dead rise as indicated in figure 1.

—-— -- - . .. . . . ... . . ... . .. , , - , , ,,, , ,., ,, , m mm ■ ■■ ■ ■ ■■ ■ m . u 8 8 8 .,,8, , ,,, ,
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The half-hread,tha of the ohine, the width of chine

flare, .the h~lght of the keel. at each station, and the-----.... .
length of the forebody were, the same for modelta.126A-2,
1261+2, and 1260-2. The atigle between the horizontal and
the straight portion of oaoh transverse seotion from bow
to eternpost for model 126B was. 5° less than for model
126C and 5° greater than for model 226A. The radius of
chine flare ~d the height of chine of the derived models .
were dependent on .thds-desta”blish”ed values as described
in the appendix. “The socttons 4ft of the sternpost were
the” same for 411 the modols. . .

●

I The models were arran@ wit~ vertical wedges at tho
step in order that the ~f%er portia~ could be rotatod to
vary the angle of afterbody keel through the range shown
in flguro 1. In these variations, tho depth of step and
tho distance from step to sternpost were held constant.

Variation in the angle of dead rise and the angle of
aftorbody keel for each model -are given in the following
tablol

r. I 1

. Modol I IAngle of dead rise Anglo of after%ody ksel

(deg) I (dog)

125A-1
126A-2
126A-CJ
125=1
126B-2
1262--3
1260-1
1260-2
126C-3

141
143
14;
19
19
19
23
23
23!

APPARATUS AMD PROCXDURE

Tho tests of each modol were made by both the genesal
method and the specific method. The EACA tank no.1 and
Its related equipment and the methods of tho tests are de-
scribed in roferonco 4.

Tho conditions of the general tests included load .
coofficionts up to a maximum of 1.2 and speed coofficlsnts
Up to 8.Oti This range of loads and speeds was believed to

— .— -—.—
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extend beyond all conditions at which a hull incorporating
tho lines of any of the models might operate. Tho range
of trims of the modols wa.w selected to include tho zero-
trimming-uoment condition and the bostj-trim condztion for
all tho loads and speeds included.

Tho models were tested by the. specific method at con-
ditions corresponding to the assumed gross load and aero-
dynamic lift of a flying boat. Tho load coefficlont at
rest %o was 1.027. Tho wing lift of tho airplane was

simulated by tho uso of a hydrofoil lift device that was
ad~ustod to support tho ontiro load of the mo~ol at a
spood corresponding to tho assumed valuo of 7.70 for tho
get-away speed coefficient CVG. Specific tests in tho

fro~to-trim condition woro included in the tests of tho
modols of tho 126A and “126C sorios. In the froo-to-trim
tests, tho modols wore pivotod about an axis passing
through a point oorrospondlng to tho assumed. center of
gravlt~ of the flying boat. Tho contor of gravity of each
model wns ad~usted to tho pivot point by ths use of bal-
last locatsd In the model and on a vertical staff above
the model.

The point used as the center of gravity for the free–
to-trim tests and the ce~ter of momonts for the fixed-trim
tests wes 4.27 Inches forward of the step and 16.44 inches
above the keel. The pivot axis of the towing gear was
located at this point in the tests of the models of the
12bA and 126C series. The nodels of the 1263 series, how-
evsr, had been tested earlier with tho use of additional
equipaoat that prevented the desired location of the pivot
axis. Because of this location of the pivot, no froe–to–
trim tests wore made with tho models of tho 126B series.
Corrections woro applied to the trimming momonts of the
126B sorios to obtain tho trimming momonts about the
seloctod center of momouts.

E!ESGLTS AN3 DISCUSSION

Method of Presenting Data

Nondimensional coefflcionts based on I’roudets law
woro used to present tho results of the tests. The non-
dimmsional coofficionts are dofinod as follows:



1!
1. 5

r c~ Opeod coofflciont (Y/&).

1“”
:

‘“-”C&”load coefficient
~A./v%=). - -

.OH trlmmln~moment aoeff~cilont (M/wb4) ‘

CR rosistanoo cooffietent (R/lrb3)

whore . .

‘b beam at step, fopt
;

T epood, foot por socoqd

A load on water, pounds .

M trimning momont, poud!.-foet

w spociflc weight of water, pounds por oubic foot (63.5
for these tests: usually taken as 64.0 for soa
watm=)

R rosista~co, pounds

% accoloration of gravity (32.2 ft/sot=)

The momonts are referred to a point 4.28 inches for-
ward of the step and 16.44 inches above the base line.
Moments having a tendency to raise the bow are considered
positive. Trim is the angle between the base line and the
horl~ontal.

. .

~ree-to-Trim Tests

The effects on resistance coeffioient~ trim, and
load-resistance ratio of angle of afterbody keel and of
angle of dead rise are given fn figures 2 and 3; respeo-
tively. The curves for the models of the 126A and 1260
series in f~gures 2(a) and 2(c) were plotted from the
free-to-trim tests of the models. The curves for the
126B series in figure 2(b) were derived from cross plots “
of the data from the fixed-trim specific tests of the
models,

The effect of angle of afterbody keel upon the free- .
to-trim aharacteristias for angles ofdead rise of 14$0,
19°, and 23~0 may be seen by comparisons of the ourves of..“
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figures 2(a), 2(b), and 2(c). Reducing the angle of dead
rise reduced the trim and the resistance at all speeds up
to and including the hump. The effect of increasing the
angle of aftorbody keel wae opposite and of about the same
order of magnitude. At speeds In excess of the hump speed,
the effect of the angle of aftorbody keel became less and,
at equal angles of dead rlso, the trim and the resistance
of t30 models becamo approximately equal aftor the aftor-
boriles camo clear of tho wntor. Tho offocts of changing
tho anglo of aftorbody keel were substantially tho same
for tho modols of difforont dead rise except that tho dif-
forcncos in trim and rosistancc porsistod at higher spoods
for modols of greater dead rise.

The effects of angle of dead rise on models of equal
angle of afterbody keel may be seen by a comparison of the
free–to-trim curves of models 126A-2, 1263-2, and 126C–2.
in figure 3. The changes in angle of dead rise caused
relatively small changes in the reslsta~ce at the hump.
Lower acgles of dead rise resulted in increased trim at
the hump and decreased trim at speed coefficients above
4.0. This effect on the trim at higher speeds may account
for the fact that the effects of angle of afterbody keel
extended to higher speeds for the models with greater val-
ues of angle of dead rise.

General Tests

The variation vIith speed coefficient of best trim,
resistance coefficient at best trim, and trimmin~moment
coefficient at best trim, derived from the data obtained
in the general tests, is given in figures 4 to 6 for the
models of the 126A series, the 126B series, and the 126C
series, respectively. Resistance coefficient and trimmin~
moment coefficient plotted against trim are shown in figure
7 to provide direct comparisons of the results of the gen-
eral tests. Comparisons of tho curves in any of tho three
groups of figure 7(a) show that, at hump speed, decreasing
the an~lc of afterbody lcoel roducod th~ resistance at all
trims, rcducod the best trim, and reduced the values of
the positive.trlmning momonts. Changes of anglo of after-
body kool caused approximately the samo effects when ap-
plied to modols of any angle of dead rise Included in the
Invostigatlon. At a spood coefficient of 4.S (fig. 7(b)),
the offoct of anglo of eftorbody keel upon resistance co-
efficient was negligible. At this speed the afterhody was
clear 03 the water at most trims. Tho curves of trimming-
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mouent coofficiont in figure 7(b) show~some effect from
the ooatc,ct of the afterbody with the water at high- trims.
This of~oct was moro pronounced in the case of the models
with groator angles of dead riOo. The curves of resist-
ance coofficiont and trimmin~momont coefficient at speeds
near got-away, % = 6.0 and CV = 7*O, are shown in

fi~wros 7(c) and 7(d), rospootivoly. At high speeds the
offoct of angle of aftorbody kool vas so small that the
scatter of tho e.xporimental data caused some obvious ro-
vorsals in the comparative results. !l!hisscatter of data
was caused in part by tho changds in wind velocity that
rosultod from openings in tho wall of the building. It iS
bolio~o~, howevor, that tho qualitative effects of the
changes of tho models are conclusively shown by tho curves.
At this condition high angles of aftorbody kool gavo tho
most favor ablo rosistanco charaotorlatics. Smaller angles
of aftorbody kool caused no ohango in tho rosistanoe at
oxtromoly low trims but caused increases in resistance
that started at approximutoly best trim and becamo larger
as the trim was Incroasod.

!Cho lowost anglo of dead riso investigated gave tho
lowost rosistanco at tho hump and at all spoods abovo tho
hump (fig. 7). !I!hroughout this rango of speed tho resist-
ance wao increased slightly by each incrcaso in the anglo
of dead rise. This offoct was consistent for each anglo
of aftorbody kool that was invostigatod. A comparison of
tho curves of trimmin~momont coofficicnt in figuro 7(b)
shows thet tho action of tho aftorbody was influenced to
SOMO oxtont by variations of tho anglo of dead rise. At
this condition tho effect of angle of aftorbody keel bo-
camo moro pronounced as the anglo of dead riso was in-
oroasod. This rolctionship botwoon tho offoofs of anglo .
nf afticrbody keel and anglo of dead riso was.”ln agroohont
with that observed in tho results of the froo-to-trim tests
(fig. 2).

.

Spray Characteristics

Photographs taken during tho fixed-trim specific
tests of tho models aro reproduced as figures 8 to 11.
The conditions selected for thq comparisons, 11° trim at
hump si]oed.S& 50 trim at a higher speed, Cv = 5.0, oor-

- respond approximately to conditions at whioh flying boats
incorporating thoso lines might operato.

Tho offocts on spray of angle of aftorbody keel at

. .. --—- . ..- . ..-— . . .. . . . .. -.—- . ...-. — ------- -- -
“.. . .
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hump speed and at planing speed are shown in figurse8 and
9, respectively. In the fixed-trim oondition at the hump
speed, the lower angles of afterbody keel resulted in
slightly lower syay from the forebody and considerably
more spray from the afterbody and the tail .“extenslon.
!i?hespray around the tails should he disregarded in this
comparison because the tell extensiori of the model was
moved with the -=terbody when the angle of afterbody keel
was chaxged. At higher speed (fig, 9), the lowest angle
o? afterbody keel caused the spray to strike the bottom
of the afterbody. This effect beoame more pronounced at
speetis near get-away.

Tlie effects on, spray of angle of dead rise at hump
speed and at planing speed are shown in figures 10 and 11,
respectively. The height of.the spray decreased as the
angle of dead rise increased. This effect is shown at the
conditions of both figures 10 and 11 and was observed
throughout the range of speeds investigated. At extremely
law speeds, the bows of the models with low dead rise
were much dirtier than those with higher dead rise. The
stern views in figure 10 show that, at an angle of dead
rise of 23&~ tho afterbody of model 1260-3 was In the
water at test conditions at which the afterbodies of the
models of lower dead rise wore clear of the water.

Working Charts for Hoilel 1265-2

Inasnuch as an~ change in angle of afterbody keel or
angle of dead rise will cause both favorable and unfavor-
able otfeots upon the perforiuance of the model, the selee
tlon of an optlmug angle of dead rise or an optimum angle .
of aftor~ody keel is diffioult if not impossible. It iS .
possiblo that tho angle of dead rise or tho anglo of after-
body keel selected for a flying boat might depend to a
large eztent upon other chraoteristics peculiar to the
design or u?on the oporating conditions that are antioi-
patod. !I%o results of the tests, however, have shown that
modal 126B-2 represents a fair compromise of the two angles
invostigatod. Booause of this faot and because model
126B-2 is more representative of current practice, working
oharts derived from the general tests of this model are
given tn figure 12. The derivation and the uso of tho
charts aro aoscribed in detail in roferenco 5. ,

.—-.——-. .<r-,.-..,.-./-. ------— .. .*. -— —.- —..: ---
.- ..“ :.. >-- .-\- -;,: ●. . . .. . Je :- .-.:.; $.- s ..”BT?+.9?.”: . . . . s -,:. >.> ,. m. .,.
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The results of the present investigation were in
a.+=eemont with the results of previous rosearoh on tho
effects of angle of afterbody keel and angle of dead
rise. Because of the large number of configurations tested
and the agreenent with the resalts cf other tests of varied
types of model, it is believed that the following general
conclusions may be drawn from tha results of the present
tests:

1. At practicable angles of dBad rise, increasing
the aagle of afterbody keel inoreased the resistance at
low speeds and at the hump, reduced the resistance at
high s~eeds, increased the best trim, and increased the
trin in the free-to-trim condition.

2. Increasing the angle of dead rise in the normal
range for V-bottom hulls increased the reslstazce at the
hump and &t higher speeds and reduced the height of spray.

1% was alec observed in the proseat tests that larger
angles of dea~ rise caused the afterbody to remain In the
water at higher speeds.

Lan~ley i.ioaorial Aeronautical Laboratory,
?3at30nal tivis~ry Committee for Aorcnautios,

Langley I’ield, Va.

.

.
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&PPEND IX

DEZIIVATIOH Or STATIOI?S OF MODELS 126A
..

AMIJ 126C S’ROM MODEL 126B

From figure 13, the angle of. dead rise of the straight
portion and the breadth of ths chine fl=e at eaoh station
of the forebody of model 126B are obtainea from the expres-
sions

00 = tan-z; “
.

Then, for tho corresponding station of the aorived modols.— — .
for moael 126A,

for modol 126C,

whore A is the

whore X is tho
.

8na

e 0.-50=

0 =eo +50

B =Atane

same as for moael 126B,

Ill = X/sjn 0

samo aa for model 126B,

Y= (A - X) tan 9

E= Y+ RZ(l - Cos e)

The height of chine of the afterbody is obtained from the
esprossion

B =Irtane

where X ts the same as for model 126B.

---- .-— — — ..7

—------- --+, . . % , , -.: .-—.

. ,. ,.+’:...”.,.1 .- ,. . . .. . .. . . -. . . ,----- ~.. -..
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TABLEI. - OFFSETSFORNACAMODEL126 SERIES

[AllvaluesgivenIn in.]

listmc~
‘rem
‘reward
erpen -
.lcular

Model126cModel 126A Model126BAll models

-T-

%
3.28
3.66
3.59
3.29

::;;

2:21”
2.21
2.21
2.21’
2.18
2.05
1.82
1.49
1.07
:%

--ir- ‘1 -7 -i-

,1.84
.1

ti
“5:2;

z
::]

4.52
4.03

;:ii
3.64
3.64
3.64
3;60
‘3.38
.3.00
2.47
1.77

●73
.05

ii--
3tatiol

Forwar
perpen
dlcula

0.1
.2
1*O
1.1
1.
f

;:0
2.2
;.?

.

.;:;~

~.;

5:;

z
6:$!
7.0

.,—
-Y-

-.. —
R2

[
R3 -%-A

2tJJ?
5.08
5.68
6.19
6.5
6.9I
7.00
7.00
7.00

!

.00

.00

6::;
6.32
6.01
5.70
5.37
5.21

c F H

, —

2.83 +00 1.11

J1
.05 3.79 1.11
.8 3.5 1.11

2
.8$ 3.38 1.11
.97 3.16 1.11
7.513.051.11

14.33
6.06
4.06
2.69
1.52

:n
●54
:14

.1z

.07
0
.70
1*22
1.7

4$:7
3:g~

t.10

0

i

000
.75

8:;:

11.46
13.4/

$2: 1
26.81
32.07
7.40

‘1 41. 9

g:?
z

2
5:62

6;:%
70.00
72.50

).94
~.,97
?.67
5.02
2.97

::{+
2.10
1.88
1.84
1.84
1.84

,.98
!.11
:.33”

i:f?
-.37

i:: ;
‘.50
‘.55
‘.55
‘.55

1.54
3:;:

1
4:;:
4.o2

;:%
2.96
2..90
2.’90
2.90
2. 0
i;.6;

2:39
1. 6
z1. 1
.58
.04

1.12
2.

Y3.1
3.59
3.55

;:%
2.68
2.45
2.41
2.41.
2.41

● 74
,.90
,.10
;:4~

‘.7’i
..52
‘.57
.93
.93
1.93
i.v~

.2
2; 79

‘.
2?

::22
,.
‘2II
:29
;.06
i.ol
i.m
;.01

1.10
1.60
2.11
2.61
3.15
3.J-@

~
F Indlcateaforebody;A, afterbody.

-

.
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Model Height of chine at bow

126A 7.19
1263 7.33
126C 7.47
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Diagram for Table I.
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Yigure 2.- Lines of IIACA model 126 se#ies.
(a) Hodels 126A-1, 126A–2, and 32$A-3. “

Angle of dead rise = 14$,,T~

Figure 2.- Effect of angle of af,iierbody keel OE freWto-
trim characteristics.
(b) ilodels 126>1, 1263–.2, and 1253-3.

Angle of dead rise = 19°.

Figure 2.- Continued.
(c) i~oiiels 126C-1, 126C-2, and 126C-3,

AnGle of dead ri8e = 23~o .

Figure 2.- Concluded. ‘

Figure 3.- Zffect of ap-gle cf dead rise on free-to-trim
characteristic. liodels 125A-2, 1263-2, and 126C-2.
An.”le of afterbod~ keel”F 6~”.
(a~ i;ot’.el 126A-1. Angle o,f afterbody ?:eel, 4°.

Figvre 4.– Curves o“fangle of best trim, resistance coef-
ficient at best trin, and trimminb~uoaent coefficient
at best trin. Hoiiel 12W series. hgle of dead rise,
~~: 0.
(b) !iodel 126A-2. Angle of afterbody keel, 6~0.

Figure 4.- Continued.
( C) ::OiiOl 126A-3. AnClo of afterbody keel, 8~0.

Figure 4.- Cpncluded.
(a) Iiodel 1263-1. Angle of dead rise, 19°.

~g.e of afterbody keel, 40.

Yiguro 5.-’ Ccrvee of anCle of best trin, resistance coof-
ficioqt at best trim, and trinming-mornent coefficient
at hact trin~ 1.iotiol1263 series.
(b) ~iOCiOl1203-2. Augle cf aftorbody kooZ, ~“.

i’iguro 5--- Continued.
(c) Hodel 1263-3.

Figuro 5.- Co~cluded. Azglu of a~terbody keel,”’”~~”,
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